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SUMMARY 

Conventional and microfocus x-radlographic techniques were compared to 
determine relative detectability limits for voids In green and sintered SIC 
and SI 3 N 4 . The relative sensitivity of the techniques was evaluated by com- 
paring their ability to detect voids that were artificially Introduced by a 
seeding process. For projection microfocus radiography the sensitivity of 
void detection at a 90/95 probability of detection/confidence level Is 1.5 per- 
cent of specimen thickness In sintered SIC and SI 3 N 4 . For conventional con- 
tact radiography the sensitivity Is 2.5 percent of specimen thickness. It 
appears that microfocus projection radiography Is preferable to conventional 
contact radiography In cases where Increased sensitivity Is required and where 
the additional complexity of the technique can be tolerated. 


INTRODUCTION 

The strength-limiting defects commonly observed In sintered silicon-base 
ceramics such as SIC and SI 3 N 4 Include pores, microcracks. Inclusions, and 
variations In the microstructure (refs. 1 to 3). During the fabrication proc- 
ess Inclusions are Introduced, and pores and microcracks are formed. X radio- 
graphy can be used as a nondestructive evaluation tool to detect and Identify 
these flaws. However, the limits of x-ray detectability of defects have to be 
evaluated and proven applicable to defects that are fracture causing and 
strength limiting (critical size defects) In sintered structural ceramics. 

Conventional and microfocus x radiography have been used to evaluate 
structural ceramics. Kossowsky (ref. 4) and Richerson et a1. (ref. 5) have 
reported limits of resolution for defects In hot-pressed and reaction-bonded 
SI 3 N 4 . The sensitivity capabilities reported were on the order of 0.5 percent 
of thickness for high de.sity Inclusions and on the order of 3 percent of 
thickness for clusters of voids. The ability to detect voids In structural 
ceramics Is vital for better and more reliable ceramics. Further evaluation 
of the sensitivity of radiographic techniques and the establishment of reli- 
ability statistics for void detection are needed. 

The purpose of this paper Is to compare the reliability of two different 
x-radlographic techniques In finding seeded single voids In green and sintered 
SIC and SI 3 N 4 . For the void/ceramic system the contrast Is generally poor when 
using conventional radiography with relatively h‘,gh x-ray photon energy (58 to 
70 keV). It will be shown that radiographic detectability of the void-ceramic 
system Is substantially enhanced when using low x-ray photon energy (17 to 
20 keV) In a microfocus system operating In the projection mode. In addition, 
detection probability statistics are established for a representative range of 
(artificially seeded) voids. 




THEORY AND DATA ANALYSIS 

Radiographic detectability depends on the spatial resolution of the radio- 
graphic syste* and on the linage contrast recorded by the radiographic detector. 
The spatial resolution Is a function of the film (detector) graininess, which 
governs signal-to-nolse ratio, and the geometric unsharpness Ug, given by 



where f Is the focal spot size, a Is the source-to-object distance, and b 
Is the object-to-fllm distance. Resolution Is Improved by using fine-grained 
film and an experimental setup with small geometric unsharpness values (smaller 
than the defect under evaluation). In conventional contact radiography, the 
geometric unsharpness Is limited by the focal spot size, f, which Is typically 
equal to or greater than 400 i«. In projection microfocus radiography. It Is 
limited by the ratio b/a. To maximize detectability. It Is necessary to have 
a spatial resolution smaller than the defect size under evaluation and a high 
Image contrast to record the differences In x-ray absorption between the defect 
and the matrix. The Image contrast (ref. 6) Is given by 

0.43(y. - p-)06^ 
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where ui 1$ the attenuation coefficient of the matrix, v2 the attenuation 
coefficient of the defect, 0 Is the thickness of the defect In the direction 
of the x-ray beam, 6^ Is the film gradient, U Is the Intensity of the scat- 
tered radiation, and Id Is the Intensity of the direct Image-forming radi- 
ation. As shown by equation (2), a smaller ratio I$/Id and a larger 
difference Am - vi - m 2 are needed to Improve the Image contrast. In projec- 
tion radiography the ratio Ij/Id Is smaller than In conventional radiography, 
which Improves the Image contrast (ref. 7). The difference In x-ray absorp- 
tion between the defect and the matrix Increases when x-ray photon energy 
decreases (ref. 8). However, for voids In SIC and SI3N4 the differential In 
absorption even at low x-ray photon energies Is too small to enhance the Image 
contrast. Nevertheless, Image contrast can be Increased by the use of a low 
x-ray photon energy system In the projection mode and by optimizing exposure 
conditions. 

Radiographic detectability of defects expressed as a percent of thickness 
sensitivity Is given by 


Thickness sensitivity ■ 100 (3) 

where 0 Is the dimension of the defect In the x-ray beam direction and T Is 
the thickness of the matrix specimen In tne same direction. 

The examination of the seeded specimens was based on either detecting or 
not detecting existing voids. Since only two outcomes from this examination 
are possible. It can be described by a binomial distribution. Detection Is 
probabilistic In nature due to the Inspection uncertainty associated with 
equipment, operator performance, shape and orientation of flaws, etc. The 
degree of confidence In the probability of detection Is limited by the number 
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of stedtd flaws. Tht statistical traatnent used to detenalne the reliability 
of the techniques Is given by the expression (ref. 9): 

’ - * ■ ^ .!(» ?'x)i 'f (’ - 'l*"'* <♦> 

where P|, Is the lower-bound probability of detection, 6 Is the confidence 
level, N Is the total nunber of flaws, and S Is the number of detected 
flaws. The optiml zed-probability method (ref. 9) was used to subdivide the 
thickness sensitivity data Into small Intervals and to plot reliability curves 
for each of the techniques and materials under consideration. This method was 
chosen because the thickness sensitivity (void size) data were not uniformly 
distributed throughout the data range and the number of voids In specific 
Intervals was limited. 


SPECIMEN PREPARATION AND CHARACTERIZATION 
General Approach 

The SIC and SI3N4 test bars containing seeded voids, that Is, cavity-type 
defects, were prepared and examined. Surface and Internal voids were created 
by seeding the test bars (3.7 by 0.7 by 0.2 to 0.5 cm) with styrene divinyl 
benzene microspheres which were subsequently decomposed. All specimens were 
prepared and examined In the green state first and were examined again after 
sintering. 


Green Specimens with Surface Voids 

Selected amounts of -100 mesh a-S1C powder or -100 mesh SI3N4 powder 
containing yttrla and silica sintering additives were pressed at 60 MPa In a 
double-action tungsten-carblde-llned die. The resultant test bar was left In 
the die, and the surface of the bar was dusted using a moisture-free aeroduster 
In order to remove loose powder. Styrene divinyl benzene microspheres with 
three specific diameters: 115, 80, or 50 iA, were placed on the surface of the 
test bar and manipulated until approximately 20 microspheres were positioned 
along the longitudinal axis of the specimen. Next, the spheres were pressed 
Into the surface of the test bar at a pressure of 120 MPa. The specimen was 
removed from the die, and Its surfaces were dusted. Final compaction of the 
green specimen was accomplished by vacuum sealing the seeded test bar In thln- 
wall latex tubing and cold Isopressing the sample at 420 MPa. The seeded 
specimens were then heated under vacuum to 525 *C (45-m1n hold at maximum tem- 
perature) to decompose the styrene divinyl benzene spheres. Once again, the 
surface of each specimen was dusted to remove any debris from the IntentYonally 
created surface voids. Finally, the dimensions of the samples were measured, 
and their densities were calculated, ihe surface voids, which resembled cra- 
ters, were fully characterized (see table I) using a metallograph. Void posi- 
tions were photographically recorded. 


3 






GrMn Sptclntns with Inttrnal Voids 

Tht Mthod usod to croatt Intarnal voids In SIC and SI3N4 tost bars was 
similar to tha tochnlqua usad to craata surfaca voids. Tha Initial foniing 
procadura, using alcrospharas with dlanatars of 115, 80, and 50 vir was un- 
changad. Howavar, a slightly lowar prassura (90 NPa) was usad to prass tha 
■Icrospharas Into tha tast bar. Naxt, tha positions of tha spharas (latar 
voids) wara photographically racordad. Than, nora powdar was placed In tha dia 
and coHpactad at 120 NPa In ordar to for* a spaclman containing saadad intarnal 
dafacts at known positions. Tha final graan dansificatlon and sphare dacoMpo- 
sitlon haat traatnant wara the same as for surface voids. The dimensions of 
the resultant Internal voids were Inferred by the destructive examination of 
other similarly saadad specimens. 


Sintering Seeded Specimens 

All S13N4 test bar samples were sintered at 2140 *C for 2 hr under a 
static nitrogen pressure of 5 NPa. Tha SIC spacimans wara sintered at 2200 *C 
for 30 min under an argon pressure of 0.1 NPa. Sintered test bars with seeded 
voids were characterized In the same manner as the green test specimens (see 
table I). 


Seeded Void Norphology 

During the decomposition of the microsphere seeds, some of the powder 
which had been In contact with the a1crosphe*^es was drawn Into the resulting 
cavities. This powder was removed from the craters (seeded surface voids) by 
dusting the surface of the specimens. Typical surface void morphologies In the 
green and sintered states are shown In figure 1. It was Impossible to elimi- 
nate the powder from the Internal voids (fig. 2). During sintering, the 
powder densifled and formed clusters of grains within the shrinking cavities 
(figs. 2(c) and (d)). These cavities resemble naturally occurring Internal 
voids. 


Specimen Characteristics 

The physical characteristics of the seeded bars are presented In table I. 
The seeded test bars that were prepared for this study had the same densities 
and compositions as typical green and sintered SI3N4 and SIC. Surface voids 
were nearly hemispherical or semlelllptical In the SIC and SI3N4 specimens 
except In two cases. First, for green SI3N4 bars seeded with 115 pm spheres, 
the depth of the craters was 40 percent greater than half the diameter of the 
opening. This was probably due to the application of an excessive pressure 
during the die pressing operation. Second, for sintered SI3P4 bars seeded with 
80 and 115 pm spheres, the depth of the craters was 50 to 70 percent greater 
than half the diameter of the opening. Although the precise mechanism govern- 
ing the cavity shape after sintering Is unclear, It was probably affected by 
green density variations In the Immedlatn vicinity of the cavity. 
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RADIOGRAPHIC TECHNIQUES 


TWO fllM radiographic techniques, one with a conventional x-ray source 
using the contact nethod and one with a nlcrofocus source using the projection 
Mthod, were coMpared (see fig. 3). 

The conventional x-ray systeai with a tungsten target and a 400-tin focal 
spot was operated In the 25- to 7S-kV range with a oeam current range of 5 to 
0 mA. Test bars were positioned 92 cm away frow the source of radiation and 
In direct contact with the x-ray film. The exposure varied fro« 5 to 12 Min. 
depending on other exposure parameters. In order to produce an acceptable film 
density range of 1.5 to 2.5. 

The MUrofocus x-ray system with a molybdenuM target and a 10-vm focal 
spot was operated In the 30- to 60-kV range with a beam current range of 0.25 
to 0.32 mA. Test bars were positioned between the source and the film detector 
In order to produce an x-ray Image with a magnification of approximately x2.5 
and with overall source-to-fllm distance equal to 30 cm. The exposure varied 
from 10 to 20 min. 

All radiographs were manually developed. To obtain uniform results, extra 
care was taken to eliminate film artifacts, maintain chemical concentrations, 
control solution temperaturrs and processing times, and prevent overexposure or 
underexposure by densitometric control. Radiographs were examined with the aid 
of a x7 measuring magnifier under variable Intensity backlighting (1000 to 
9000 and In subdued room lighting. 


RESULTS AND DISCUSSION 
Specimen Selection 

The ceramic specimen preparation technique was successful In creating 
seeded test bars with properties that were Identical to those of typical SIC 
and SI 3 N 4 materials (I.e.. same density, composition, surface roughness, etc.). 
The seeding process did not Introduce any other unoesirable defects. 

As shown In table I. the coefficient of variance data for the void depths 
and void diameters demonstrated that the seeding process reliably produced uni- 
formly sized surface voids. However, more work Is still needed In order to 
understand the effect of sintering conditions on the material surrounding the 
craters In the SI 3 N 4 specimens. Further studies should attempt to optimize the 
forming of hemispherical craters. 

The seeded Internal voids (figs. 2(c) and (d)) were Identical to typical 
naturally occurring voids. But, because It was difficult to fully character- 
ize these seeded Internal voids, they were considered to be Inappropriate for 
establishing reliability statistics. Hence, only the specimens containing 
fully characterized surface voids (see table I) were used to study the reli- 
ability of void detection for the techniques used. 


5 




Rt11«b1111ty of Void Dotoctlon 


Figuros 4 and g show the distribution of flaws (seeded/detectad) over the 
thickness sensitivity range In green and sintered materials. Because (1) the 
thickness sensitivity data were not uniformly distributed throughout the data 
range and (2) the number of voids In specific intervals was limited, the 
optiml zed-probability method (r> 9) was used to subdivide the thickness sen- 

sitivity data Into small Intervals and to plot reliability curves for each of 
the techniques and materials under consideration (figs. 5 and 7). It should be 
noted that the plotted values of the probability of detection P|^ are conser- 
vative because they are biased toward smaller, harder-to-detect voids. In 
other words, each point on the curve corresponds to the largest flaw size con- 
tained 1i the Interval for which It was calculated. The horizontal bars Indi- 
cate the size range over which each Pi was calculated. All reliability 
curves were generated at a confidence level of 95 percent. 

Green silicon nitride . - The 280 surface voids In the green SI3N4 speci- 
mens were fully characterized metal lographically and examined radiographically. 
The corresponding reliability curves, obtained using the optiml zed-probability 
method, are shown In figure 5(a). The thickness sensitivity at the 90/95 
POO/CL (probability of detection/confidence level) was about 1.7 percent for 
microfocus and about 3.8 for conventional radiography. Thus, at these thick- 
ness sensitivities, there Is a 95 percent coifidence that the true probability 
of detection Is greater than 90 percent (or conversely a 5 percent chance that 
the true POD Is less than 90 percent). 

Sintered silicon nitride . - The 280 surface voids In the sintered SI3N4 
specimens were fully characterized metal lographically and examined radiograph- 
ically. Thickness sensitivity Improved following sintering for both microfocus 
and conventional radiography (fig. 5(b)), being about 1.5 percent for micro- 
focus and about 2.5 percent for conventional radiography at the 90/95 POO/CL. 
This Improvement In detection was due to the greater difference In x-ray 
absorption between the sintered ceramic matrix and the craters (seeded surface 
voids). The matrix Increased In density from less than 60 percent of theoreti- 
cal In the green state to near full theoretical In the sintered state. 

Green silicon carbide . - In the case of green SIC specimens 250 surface 
voids were characterized and examined radiographically. The radiographic 
sensitivity was 1.4 percent of thickness for microfocus at 90/95 POO/CL 
(fig. 7(a)). Nicrofocus was more sensitive to the presence of voids In green 
SIC than In green SI3N4 because the green density of SIC specimens was 
13 percent greater than the green density of the SI3N4 specimens and because 
In general silicon carbide attenuates x rays more than silicon nitride does. 

The reliability curve obtained for conventional radiography (see fig. 7(a)) 
shows that the probability of detection Is less than 80 percent In the range 
of 1.5 to 2.1 percent thickness sensitivity. But this Is better than the POO 
for green SI3N4 (see fig. 5(a)) In the same size range. Larger voids were not 
available to determine the thickness sensitivity at the 90/95 POD/CL. 

Sintered silicon carbide . - The seeded SIC bars were sintered and 200 sur- 
face voids were Inspected. Figure 7(b) shows only the reliability of void 
detection curve for projection microfocus radiography. Mith conventional radi- 
ography, the radiographic contrast was poor, and It was difficult to discern 
seeded voids from naturally occurring ones. Thus, a reliability curve was not 
obtained for conventional radiography. A comparison of figure 8(a) with 
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figurts 8(b) and (c) shows (1) that nlcrofocus radiography has dotoctad not 
only all of tho sotdod surfaco voids shown In figurt 8(a) (void sizts rangod 
from 1.7 to 1.9 porcant of tho sanpla thicknass), but also laany naturally 
occurring voids (light spots) and (2) that no saadad surfaca voids could ba 
discarnad using convantlonal radiography. At 90/95 POO/CL tha thicknass san> 
sitivlty for nlcrofocus radiography was about 1.5 parcant. This was slightly 
lower than tha 1.4 parcant thicknass sensitivity observed In groan SIC. Tha 
lower sensitivity level can ba attributed to tha confusion of saadad voids 
with additional voids fomed during sintering (sintered density, 97 parcant of 
theoretical). 

Internal voids . - An Investigation of tha nlcrofocus radiographic datact- 
ablllty of Internal voids was also parfomad. Qualitative results are shown In 
table II. Tha dinanslon of tha resulting saadad cavity (within tha green car- 
anic) along tha x-ray path was about 20 parcant snallar than tha original diam- 
eter of tha saadad nicrosphara, because tha cavity was partially filled with 
powder following nicrosphara decomposition. After sintering tha volume of tha 
resulting cavity was reduced to about 35 to 40 parcant of tha original volume 
of tha seeded microsphere due to (1) overall shrinkage of the cavity and (2) 
the presence of clusters of grains projecting from the original cavity walls. 

As shown In table II the detectability of Internal voids made using 115-vm 
spheres (representing a thickness sensitivity of >1.7 percent) was excellent. 
However, the detectability of the voids made using 80- and 50-iim spheres (rep- 
resenting a thickness sensitivity of <1.3 percent) was poor. The differential 
In absorption for the Internal-vold/ceramic-matrix system Is similar to the 
one for the surface-vold/ceramic-matrix system. Hence, the results shown In 
table II were expected based on the comparison of the thickness sensitivities 
of the Internal voids and surface voids at 90/95 POD/CL using microfocus 
x-radlography. 

An unexpected result was the radiographic appearance of the Internal voids 
In sintered silicon nitride. These voids appeared as regions of higher density 
than the surrounding matrix (light spots on the radiograph). It Is assumed 
this phenomenon occurred because the material directly surrounding the cavity 
densifled more than the matrix and/or because this material has a different 
chemical composition than the matrix and thus has enhanced radiographic attenu- 
ation. In either case this made the Internal voids (fabricated using 80 vm 
spheres) easier to detect as Indicated In table II. 


CLOSING REMARKS 

The dimensions of the seeded voids In this study were selected to span a 
range of sizes considered critical In sintered structural ceramics. A key 
factor In our approach was to have unambiguous foreknowledge of the actual size 
and location of each void. This was essential to establish probablllty-of- 
detectlon statistics In the silicon carbide and silicon nitride test bars and 
to render an accurate, quantitative comparison of the relative sensitivities 
of the two x-ray techniques studied. 

Thickness sensitivity rather than specific void diameter was selected as 
the basis of the probablllty-of -detection statistics for two reasons: (1) void 
detectability depends primarily on Image contrast sensitivity and secondarily 
on Image spatial resolution; and (2) void detectability Is a function of vari- 
ations In the material thickness. In the test samples studied and In potential 
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ctranlc conpontnts, thtst thlckntss variations can significantly affact Inagt 
contrast for a givan flaw slia. In addition, bulk dansity variations Intro- 
ducad during spacliaan procassing will affact tha Imaga contrast of voids. Den- 
sity variations within tha tast bars undoubtedly Influai^cad tha detectability 
of Individual voids and, banco, tha probablllty-of -detection statistics pre- 
sented herein. 

This study demonstrated that microfocus projection radiography enhanced 
void detectability over conventional contact radiography. Thickness sensitiv- 
ity Improved by 2 percent In the green material and by 1 percent In the sin- 
tered material. This Improvement was attributed to several factors: (1) 
smaller focal spot size; (2) projection method; (3) target material; and (4) 
softer radiation. However, soft x rays would preclude examination of thick 
samples and would extend the exposure time needed to form the radiographic 
Image. Further, In the projection mode the area available for specimen exami- 
nation Is reduced. Therefore, more effort and time are needed to evaluate 
ceramic specimens using microfocus radiography than contact conventional radi- 
ography with Its relatively hard x rays. 

The results suggest the use of void detection In green structural ceramic 
materials to help eliminate extra operational costs by rejecting unsuitable 
green parts. Furthermore, ceramic specimens of the green and sintered material 
with seeded voids, similar to the ones developed In this research, can be used 
as standards to evaluate the Image quality of subsequent radiographs. 


C0NCLU‘>I0N 

The reliability of projection microfocus and direct contact conventional 
x-radlographic techniques In finding seeded, single voids In green and sintered 
SIC and S1 qN 4 were compared. This work has shown that microfocus x-radlography 
substantially Increased the void detection capability. In the green state an 
Improvement In thickness sensitivity of 2 percent was obtained at the 90/95 
probability of letectlon/confldence level. In the sintered material an 
Improvement In thickness sensitivity of 1 percent was obtained at 90/95. 
Although projection microfocus radiography entails more time and effort than 
conventional radiography. It merits use where the additional sensitivity Is 
mandatory. 


REFERENCES 

1. A. 6. Evans, 6.S. Kino, B.T. Khurl-Yakub, and B.R. Tittman, "Failure 

Prediction In Structural Ceramics. * Mater. Eva 1. . [4] B5-96 (1977). 

2. R.U. Rice, J.). Mecholsky, S.M. Frleman, and S.M. Morey, "Failure Causing 

Defects In Ceramics: What NDE Should Find," NRL-MR-4075, Naval Research 
Laboratory, October 30, 1979. (AD-A078234.) 

3. A. 6. Evans, "Structural Reliability: A Processing-Dependent Phenomenon," 
J . Am. Ceram. Soc. . 44 [3] 127-137 (1982). 

4. R. Kossowsky, "Defect Detection In Hot-Pressed Silicon Nitride," pp. 665- 
685, In Ceramics for High Performance Applications, edited by J.J. Burke, 
A.E. Oorum, and R.N. Katz, Brook Hill Publishing Co., Chestnut Hill, MA, 
1974. 


8 


5. D.U. Richtrson and K.M. Johansan, "Ceramic 6as Turbina Engina Damonstratlon 
Program,* REPT-21-4410, Garrat Turbina Engina Co., Phoanix, AZ, Nay 1982. 
(AD-A1 17088.) 

6. R.W. Parish, "High Rasolutlon In tha Aaro-Engina Industry," In Non- 
Dastructlva Inspactlon Nathods for Propulsion Systams end Componants, 
ABARD-LS-103, Advisory Group for Aarospaca Rasaarch and Davalopment, 
Navllly-Sur-Salna, Franca, 1979. (A0-A089901.) 

7. R.L. Smith, "Tha Effact of Scattaring on Contrast In Nicrofocus Projactlon 
X-Radlography," Br. J. Non-Dastr. Tost. . H [51 236-239 (1980). 

8. "Radiological H'ialth Handbook," U.S. Dapartmant of Haalth, Education, and 
Ualfara, pp. 137-140, January 1970. 

9. P.F. Packman, S.J. Kllma, R.L. Davlas, J. Nalpani, J. Noyzis, W. Halkar, 
B.G.U. Yaa, and O.P. Johnson, "Rallablllty of Flaw Datactlon by 
Nondastructiva Inspactlon," pp. 414-424, In Ratals Handbook, Vol. 11, Bth 
ad. Editad by H.E. Boyar, Amarican Soclaty for Ratals. Ratals Park, OH, 
1976. 


TMIE 1. - SURFACE VOIOS/TEST IMS CNNMCTERISTICS 
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diMtttr Is Uw crater opening diMete* (perpendicular to the x-ray bew direction). 
BOOV denotes coefficient of variance, e<|ua 1 to (statdird devlatlon/kean) x 100 . 

^ reported by the Mnufacturer standard deviation ■ 3.1 tea and COV ■ 6.2 percent. 

<Vls mporM by the aanufacturer standard davlatlo.i ■ 5.2 lea and OOV ■ 6.5 percent. 

*As reported by the aianufacturer standard deviation ■ 6.3 ixa and OOV ■ 5.5 percent. 


TABLE II. - DETECTMILITY OF INTERNAL VOIDS USIHC 
RICROFOCUS RADIOGRAPHY 
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SI 3 N 4 

Green 
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Sintered 

H 

Average thickness, xm 


4.36 
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' 4.65 

4.02 

115 
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Excel lent* 

Excellent* 



Poor^ 

Poor** 

Poor** 


50 

NOfM 
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Hone 


*Exce11ent Indicates that all seeded voids Mere 


bpoor Indicates that fewer than 50 percent of the 
seede d voids we*'e detected. 

CA 11 voids detectaid appeared as high density 
^ Indications on the radiograph. 

<^11 voids detected appeal^ as high density 
Indications on the radiograph (with poor 
radlo^aphlc contrast coapared with the larger 






























































ORIGWAL PAGE tS 
OF POOR QUALITY 


Fl9urt L - Sunning (iKtron mcrograptit o( surUct vo*di in SiC b*rt. 






ORIGINAL PAGE 
OF POOR OUAUTi 



III As exposed to surlace In green iscpresseo SiC. 



ibl As exposed to sur'ice in g'een isopressed SijN^ 

Figure i. - Scinninn electrori mcrogripns ol ir.ternil voids in SiC end Si turs. 





PAGC fS 
POOR QUALITY 


(cl On the fractured surface ol sintered Sic. 


tdl On the Iractured surface of sintered Si^N, 


Concluded. 








NUMBER OF VOIDS PROBABILITY OF DETECTION. p»roenl 









■ vUALlry 



(ai Optical photograph showing surface voids (dark spots). 



(bl Mcrofocus radiograph ol same region. Arrow, point to 
seeded voids. 



(cl Conventional radiograph of same region. 

Figure 8. - Sintered SIC bar with seeded surface voids as a result 
of decomposition of the US pm spheres. 




